Introduction
Minimum inhibitory concentrations (MICs) are considered the 'gold standard' for determining the susceptibility of organisms to antimicrobials and are therefore used to judge the performance of all other methods of susceptibility testing. MICs are used in diagnostic laboratories to confirm unusual resistance, to give a definitive answer when a borderline result is obtained by other methods of testing, or when disc diffusion methods are not appropriate, for example when determining the susceptibility of coagulasenegative staphylococci to teicoplanin.
The range of antibiotic concentrations used for determining MICs is universally accepted to be in doubling dilution steps up and down from 1 mg/L as required. The MIC is defined as the lowest concentration of a drug that will inhibit the visible growth of an organism after overnight incubation (this period is extended for organisms such as anaerobes, which require prolonged incubation for growth).
The method described below is an amended version of the procedure described in the BSAC Guide to Sensitivity Testing 1 and can be adapted for determining the minimum bactericidal concentration (MBC) of an antimicrobial for an organism by substituting IsoSensitest agar (ISA; Oxoid, Basingstoke, UK) with IsoSensitest broth (ISTB; Oxoid) and then subculturing to drug-free media or can be truncated for use as a 'breakpoint' method. However, if the method is adapted, the control strains cited below may not act as adequate controls for the concentration of antibiotic contained within prepared plates. Table I 2.2 Prepare stock solutions using the formula 1000 ϫ V ϫ C ϭ W P where P ϭ potency given by the manufacturer (g/mg), V ϭ volume required (mL), C ϭ final concentration of solution (multiples of 1000) (mg/L), and W ϭ weight of antibiotic (mg) to be dissolved in volume V (mL)
Antibiotic stock solutions: general considerations
Microbial contamination of powder is extremely rare. 2 If broth methods are to be used, stock solution may be filter sterilized (0.2 m pore size cellulose acetate filters; Sartorius AG, Goettingen, Germany); however, it must be ascertained from the antibiotic manufacturer that the antibiotic does not bind to the surface of the filter.
For preparation of further stock solutions, from the initial 10 000 mg/L solution, prepare the following: 1 mL of 10 000 mg/L solution ϩ 9 mL diluent* ϭ 1000 mg/L 100 L of 10 000 mg/L solution ϩ 9.9 mL diluent* ϭ 100 mg/L *Consult Table I for appropriate sterile diluent.
Preparation of antibiotic dilution range
Example of dilution range: 0.25-128 mg/L. 
Preparation of agar dilution plates
Prepare ISA or equivalent medium following the manufacturer's instructions. To prevent organisms such as Proteus species from swarming, media have been adapted by increasing the agar content or adding 50 mg/L p-nitrophenyl glycerol (PNPG) (BDH Merck, Lutterworth, Leicestershire, UK) or 350 mg/L Matexil (AstraZeneca, Cheshire, UK). 3 PNPG, Matexil and increased agar concentration can all alter MICs significantly with some agents. They must not be used unless essential and there is evidence that they do not affect antimicrobial action. Table III shows the appropriate medium for different organisms.
4.1 Add 20 mL of cooled molten agar (ensure that the medium is cooled to 50ЊC before adding to the antibiotic) to each container, including the antibiotic-free control. Mix well before pouring into 90 mm Petri dishes. Add agar, mix and pour each concentration in turn, so agents are kept at 50ЊC for minimum period of time.
4.2 Allow the agar to set and then dry the surface of the plates for c. 10 min in a fan-assisted drying cabinet (without ultraviolet light) or in a still incubator (the time needed will depend on the efficiency of the incubator).
4.3 Store the plates at 4-8ЊC and protected from light until inoculated. Ideally, the plates should be used on the day of preparation. If the plates are to be stored at 4-8ЊC before use, the stability of the drug must be determined by the individual laboratory as part of its routine quality control programme.
Preparation of inoculum
The inoculum should be adjusted so that 10 4 cfu/spot are applied to the plates. The following procedure describes a method for preparing the desired inoculum by comparison with a 0.5 McFarland standard.
Preparation of the McFarland standard
Add 0.5 mL of 0.048 M BaCl 2 (1.17% w/v BaCl 2 ·2H 2 O) to 99.5 mL of 0.18 M H 2 SO 4 (1% v/v) with constant stirring. Distribute the standard into screw cap tubes of the same size and with the same volume as those used in growing the broth cultures. Seal the tubes tightly to prevent loss by evaporation. Store protected from light at room temperature. Vigorously agitate the turbidity standard on a vortex mixer before use. Standards may be stored for up to 6 months, after which time they should be discarded. Alternatively, prepared standards can be purchased (bioMérieux, Basingstoke, UK).
Preparation of inoculum
These suspensions should be used within 30 min of preparation.
Growth method
This method is used for non-fastidious organisms, e.g. Enterobacteriaceae, Pseudomonas spp. and staphylococci. Touch at least four morphologically similar colonies with a sterile loop. Transfer the growth into ISB or equivalent that has been shown not to affect the performance of the test, and incubate broth with shaking at 35-37ЊC until the visible turbidity is equal to or greater than the 0.5 McFarland standard. Alternatively, an overnight broth culture can be used.
Direct colony suspension method
The method of choice for fastidious organisms, e.g. Haemophilus spp., Neisseria gonorrhoeae and Streptococcus pneumoniae. Colonies are taken directly from the plate into ISB (or equivalent) or distilled water. The suspension should match or exceed the density of the 0.5 McFarland standard. With some organisms, the production of an even suspension of the required turbidity is difficult and growth in broth is a more satisfactory option.
Preparation of inoculum for testing anaerobes

Anaerobes other than Bacteroides
Cultures should be grown on blood agar enriched with haemin and menadione. The colonies should not be Ͼ72 h old and should not remain in an aerobic atmosphere for Ͼ30 min before preparing a suspension. Prepare a suspension in Wilkins & Chalgren broth (Oxoid, Difco) to match a 0.5 McFarland standard. Anaerobic organisms have markedly different sizes and shapes, so using a turbidity standard as described has limitations. However, currently this is the only practical procedure for clinical laboratories.
Bacteroides
In 1 mL of sterile distilled water, emulsify growth from a plate that has not been incubated for Ͼ24 h and prepare a suspension to match or exceed a 0.5 McFarland standard. Mix using a vortex mixer.
Adjustment of the organism suspension to the density of the 0.5 McFarland standard
Adjust the density of the organism suspension to equal that of the 0.5 McFarland standard by adding sterile distilled water. To aid comparison, compare the test and standard against a white background with a contrasting black line. Suspensions should contain between 10 7 and 10 8 cfu/ml, depending on the genera. 2 Further dilution of suspension in sterile distilled water before inoculation is shown in Table IV .
Quality control
Appropriate controls, depending on genera, must be included with every batch of MIC determinations. Control 
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Inoculation
Use a multipoint inoculator (Denley; Mast Diagnostics, Bootle, UK) to deliver 1-2 L of suspension on to the surface of the agar. Allow the inoculum to be absorbed into the agar before incubation.
Incubation conditions
Conditions for incubation are shown in Table VI.
Reading and interpretation
9.1 After incubation, ensure that all of the organisms have grown on the antibiotic-free control plate.
9.2 The MIC is defined as the lowest concentration of antibiotic at which there is no visible growth of the organism. The growth of one or two colonies or a fine film of growth should be disregarded.
9.3 The MIC for the control strain should be within plus or minus one two-fold dilution of the expected MIC (see Table VII ). 
Broth dilution MICs
Macrodilution
- Cephadroxil - - >32 - 32 - Cephalexin - - >32 - 64 - Cephalothin - - 16 - - - Co-amoxiclav 0.5 8 0.5 0.06 0.5 0.5 Faropenem - - - 0.06 1 - Flucloxacillin - - - - 16 - Imipenem - - 0.5 - 0.06 - Loracarbef - 128 >32 2 >128 - Mecillinam - - >128 - >128 - Meropenem - - 2 - 0.06 - Moxalactam - - - - 0.25 - Oxacillin - - - 1 - - Penicillin - 4 2 0.5 16 - Piperacillin - - 2 - 2 - Ticarcillin - - - - 4 - Co-trimoxazole - 1 2 4 - - Trimethoprim - - 0.25 4 16 - Teicoplanin - - 0.25 - - - Vancomycin - - 2- - 2 - - - Metronidazole - - - - 0.5 - Nitrofurantoin - - 8 - - - Rifampicin - - 2 0.03 - -
